We have defined the minimal size and physical map locations in the genomes of both herpes simplex virus types 1 and 2 (HSV-1 and HSV-2) for DNA sequences capable of conferring stable biochemical transformation under thymidine kinase (TK) selection. The experiments involved transfection of Ltk-cells with either isolated virus DNA fragments or cloned pBR322 plasmids containing the 3.5 kilobase (kb) BamHI-O fragment from HSV-I(MP) or the 5.6 kb SalI-G fragment from HSV-2(333). Mapping of restriction enzyme sites within these cloned DNAs, followed by assays for colony formation in HAT medium after transfection with cleaved DNA, localized the biologically active TK-transforming sequences to lie between coordinates 0.300 and 0. Comparison of the putative 5'-end of the HSV-2 TK gene defined by transfection assays, with a 250 bp non-transcribed region at the front of the HSV-1 TK gene, suggests that the promoter regions contain a much higher frequency of conserved cleavage sites than do the coding portions of the two genes. Direct nucleotide sequencing of the 5'-flanking sequences for HSV-2 TK confirmed that large portions of the two promoters possess greater than 95 % sequence homology. At least 140 bp, but no more than 200 bp, of this 5'-promoter region are essential for efficient transfer and expression of the viral TK gene. Combining the results from HSV-1 and HSV-2, we conclude that a contiguous sequence of 1480 to 1540 bp is necessary to achieve at least 10 % of the maximum transformation efficiency.
INTRODUCTION
The synthesis of a virus-coded thymidine kinase (TK) enzyme in cells infected with herpes simplex virus (HSV) has elicited a great deal of interest and research in recent years for several reasons. Firstly, this system offers a unique model for studying biochemical transformation of mammalian cells (Munyon et al., 1971; Wiglet et al., 1977) and the associated integration and retention of herpesvirus-specific genetic information in the cellular genome (Kraiselburd et al., 1975; Davis & Kingsbury, 1976; Pellicer et al., 1978; Leiden et al., 1980) . Secondly, because the virus enzyme has a much wider substrate specificity than the cellular enzyme (Jamieson et al., 1974) , it provides the primary target of action for a group of very effective new antiviral agents that are phosphorylated in virus-infected cells but not in uninfected cells (Aswell et al., 1972; Elion et al., 1977) . Thirdly, following the work of Wigler et al. (1979) , many cell biologists have recognized that the HSV TK gene in HAT medium provides a powerful co-selection procedure for inserting foreign genes into eukaryotic cells (Mantei et al., 1979; Lai et aL, 1980) . Finally, the fact that the biological activity of the gene can be easily assayed, together with the observation that during infection the viral TK gene is apparently not 'switched on' until after the so-called 'immediate-early' genes are expressed, offers an attractive model system for studying gene regulation (Leiden et al., 1976; Kit & Dubbs, 1977; Preston, 1979) .
In earlier work, we showed that initiation of morphological transformation (focus formation) by HSV DNA fragments did not correlate with biochemical transformation with the TK gene (Reyes et al., 1979) . We also concluded that, in contrast to a report by Maitland & McDougall (1977) , the HSV-2 TK gene maps at a co-linear position with the HSV-1 TK gene near map coordinates 0.3 in both genomes. Based on this work a panel of TK cloning vehicles with a versatile collection of cleavage sites for inserting foreign DNA for linked co-selection experiments has been established (G. Reyes, D. Ciufo & G. Hayward, unpublished results) . In the experiments described in this paper, we have mapped the minimal regions of the biologically active HSV-I and HSV-2 TK genes and prepared physical maps of molecularly cloned plasmids containing these genes. Studies on the structure of integrated TK gene sequences in a number of our DNA-transfected cell lines, including those in which the BgIII-N fragment was introduced by linked co-selection with HSV-2 TK, will be presented elsewhere (Reyes et al., 1982; G. Reyes, D. Ciufo & G. Hayward, unpublished results) . Portions of this work were first presented at the Fourth Cold Spring Harbor Herpesvirus Workshop, August 1979, and at the ICN-UCLA Symposium on Animal Virus Genetics, March 1980.
METHODS

Cell cultures.
LMtk-cells were obtained originally from Dr S. Silverstein (Columbia College of Physicians and Surgeons, New York, U.S.A.). Cell cultures were routinely grown in either Dulbecco's or Eagle's minimal essential medium (EMEM) supplemented with 10% foetal calf serum. Media for Ltk-cells contained in addition 30 ag/ml bromodeoxyuridine.
Virus DNA fragments. HSV-I(MPcl20) and HSV-2(333c16) were grown in Vero cells from freshly plaque-purified virus stocks. The virus DNA used as a source of fragments for transfection experiments was extracted from enveloped cytoplasmic virions that had been banded in sucrose gradients (Hayward et al., 1975a) . To isolate individual fragments, restriction endonuclease-cleaved HSV DNA samples in amounts ranging from 3 to 10 ag/gel were fractionated by electrophoresis through 30 x 1.2 cm cylinders of 0.45 %, 0.6% or 1% agarose (Hayward & Smith, 1972) and stained briefly with ethidium bromide. Fluorescent bands were detected under long-wave u.v. illumination and extracted from appropriate pooled gel slices in either saturated KI solution at 37 °C or 5 M-sodium perchlorate at 60 °C followed by adsorption to hydroxylapatite (Jones et al., 1977) . After extensive washing the DNA was eluted with 0.4 M-Tris-phosphate buffer and sterilized by phenol extraction or ethanol precipitation before dialysis against HEPES-buffered saline at pH 7.05 (Graham et aL, 1973) .
TKplasmids. The 5.6 kb SalI-G fragment from HSV-2(333c16) was isolated from agarose gels and ligated into the SalI site within the tetracycline resistance gene ofpBR322 (Bolivar et aL, 1977) . The pHSV106 plasmid contains the 3-5 kilobase (kb) BamHI-O fragment from HSV-I(MP) (McKnight & Gavis, 1980) . Recombinant plasmids were transfected into Escherichia coli HB 101 by the calcium shock method (Mandel & Higa, 1970) with selection for Ap'Tc ~ colonies. Plasmid DNA was extracted by a modification of the cleared lysate method of Clewell & Helinski (1969) as described by Sakonju et al. (1980) and purified by banding to equilibrium in CsCl-ethidium bromide density gradients. The construction of the KpnI deletion plasmid (pGR30) is described in the text. All recombinant DNA work was performed in approved P2 facilities and in accordance with NIH Recombinant DNA Guidelines.
Biochemical transformation of Ltk-cells. The isolated DNA fragments or cleaved plasmids were introduced on to nearly confluent cultures of Ltk-or Swiss tk-cells in 25 cm 2 dishes by the calcium precipitation method of Graham et al. (1973) with media changes as described by Wigler et al. (1977) and sometimes including a 3 min 20% dimethyl sulphoxide (DMSO) boost (Stow & Wilkie, 1976) . The carrier DNA at 5 to 20/~g/dish consisted of isogenic Ltk-Cellular DNA. Colonies growing in HAT-G media (EMEM containing 15 /~g/ml hypoxanthine, 1 /tg/ml aminopterin, 5 /tg/ml thymidine and 15 /~g/ml glycine) were scored at 2 weeks after addition of DNA to the cells (with media changes every 2 to 3 days). Selected positive colonies were subcloned at least twice and the resulting cell lines either grown continuously in HAT medium or stored frozen under liquid N z in medium containing 10% DMSO.
RESULTS
Biochemical transformation with isolated fragments of HSV-I and HSV-2 DNA
The numbers of rescued TK + colonies developing in HAT media from experiments with selected XbaI, BgllI and EcoRI fragments from HSV-1 (MP) DNA, and sets of EcoRI, BgllI and HindlII fragments from HSV-2(333) DNA have been reported previously (Reyes et al., 1979) . The results with BstEII or XhoI (HSV-1) and SalI or BamHI (HSV-2) are listed in Table 1 and a summary of the map locations of all fragments that were positive is presented in Fig. 1 . Wigler et al. (1977) originally identified the HpaI-I and BamHI-P fragments from HSV-I(F) as being positive in similar assays and they also concluded that one of the two EcoRI sites within BamHI-P inactivated transfer of TK activity. In our experiments the 29 kb XbaI-F and 3.5 kb BamHI-O fragments of HSV-I(MP) were positive in the TK transformation assays but BgllI cleavage inactivated transfer. Although the BamHI fragment patterns of HSV-I(MP) and HSV-I(F) differ in several ways, our BamHI-O fragment is clearly equivalent to the positive 3.5 kb BamHI fragment used by Wigler et al. (1977) . BamHI-O maps at 0.292 to 0.3i6 in-HSV-i(MP) DNA (G. S. Hayward, unpublished results) 
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EcoRI fragments were negative (Reyes et al., 1979) . The map coordinates of these two fragments overlap by 4.0 kb at 0.288 to 0.315, an exactly equivalent position to that of the BamHI-O fragment in HSV-1 DNA (Fig. 1 ). In additional experiments we have shown that the 5.6 kb SalI-G fragment of HSV-2(333) from map position 0.282 to 0.320 and also the BstEII-H fragment were positive in biochemical transfection experiments, but that no BamHI fragments transferred TK activity (Table 1) . We conclude that the EcoRI site at 0.313 and the BamHI site at 0.311 must inactivate the HSV-2 TK gene whereas the BgllI site at 0.315 does not. The thymidine kinase enzyme activity expressed in Ltk ÷ cell lines derived from these experiments proved to be of viral origin by the criteria of extreme sensitivity to 1 pg/ml arabinosylthymidine and the specific incorporation into nuclei of [~25I]iododeoxycytidine (Reyes et aL, 1982) .
Cleavage maps of cloned TK DNA fragments
For the more precise transfection mapping work described below we used HSV DNA fragments carrying intact TK genes that had been inserted into the E. coli K12 plasmid pBR322. The 3.5 kb BamHI-O fragment from HSV-I(MP) ligated into the BamHI site within the tetracycline-resistance gene of pBR322 is represented in a recombinant plasmid referred to as pHSV106 (McKnight & Gavis, 1980) . For HSV-2(333), several pBR322-derived plasmids containing the TK gene were constructed in a similar manner. Plasmid pGR1 contains the 5.6 kb SalI-G fragment in the prototype viral orientation, and pGR3 contains the SalI-G fragment in an inverted orientation relative to the standard pBR322 map.
The identification of the viral inserts in the pHSV 106, pGR 1 and pGR3 plasmid DNAs was confirmed by blot hybridization (Fig. 2 ) and detailed physical maps of the cloned BamHI-O and SalI-G fragment DNAs were constructed by double-restriction enzyme cleavage procedures (summarized in Fig. 3 ). The results proved to be consistent with what we knew from mapping the virus DNA directly ; G. Hayward, T. Buchman & R. Roizman, unpublished results), indicating that no novel rearrangements had occurred. A comparison of the structure of the HSV-2 SalI-G fragment and the HSV-I BamHI-O fragment indicates that only a very small proportion of sites are common to both (see later). The TK gene in our HSV-I(MP) strain differs slightly from those of several other cloned HSV-1 TK genes by possessing a KpnI cleavage site at 0.3075; strains HSV-I(F), HSV-I(cll01) and HSV-I(17) apparently do not have this site (Pellicer et aL, 1978; Colbere-Garapin et aL, 1979; Enquist et al., 1979; Wilkie et aL, 1979) .
Biological activity of the cloned TK DNA fragments
The efficiency of biochemical transfection of Ltk cells in HAT selective media using either intact plasmid DNA or with the cloned BamHI-O and SalI-G fragments cut out of the plasmids was found to be essentially equivalent (at 10 to 30 colonies/dish/100 ng) to that obtained with the original fragments isolated directly from virus DNA. Using this assay system we attempted to further define the location of the TK genes by comparing the ability of limit digests of plasmid DNA to form colonies after cleavage with various restriction enzymes. These results for pHSV106, pGR1 and pGR3 are listed in Table 2 . A summary diagram of the relative map locations of sites within the cloned TK genes which inactivate transfer of TK activity to Ltk-cells (closed circles) and those which do not affect the transfer (open circles) is presented in Fig. 4 . The single cleavage sites in pHSV106 for HinclI (0.3115), BgllI (0.311), SacI (0.308) and KpnI (0.3075) inactivated transfer of TK activity whereas the BstEII site at 0.299 and the PvulI sites at 0.300 and 0.3135 did not.
Since the right-hand end of the HSV 2 TK-transforming region lies between 0.313 (EcoRI) and 0.315 (BgllI), which is virtually the identical map location as the right-hand end of the From the results of this set of mapping experiments we conclude that the TK-transforming regions in HSV-1 and HSV-2 occupy essentially identical positions in both genomes between coordinates that do not extend beyond 0.300 or 0.313 (1.95 kb) for HSV-1 and 0.299 or 0.315 (2.4 kb) for HSV-2. An experiment in which a total of 7 pg ofpGR1 plasmid DNA digested with either EcoRI or BamHI gave only a single Ltk ÷ colony indicated that cleavage with these enzymes reduces the efficiency of biochemical transformation by several orders of magnitude in HSV-2 (Table 3) .
Further definition of the 3'-ends of the HSV-1 and HSV-2 TK genes
Transcription of the HSV-1 TK gene occurs in the leftward direction on the prototype virus DNA map as drawn in Fig. i, 4 and 6 (Smiley et al., 1980; McKnight, 1980; Hayward et al., 1981; McKnight et aL, 1981) . At this point we had a fairly precise definition of the right-hand or 5'-ends of both TK-transforming regions (i.e. within 600 bp and 300 bp of 0.313 map units) but none of the enzymes used in the experiments described above gave appropriate cleavage sites in the 1200 bp stretch between approx. 0.299 and 0.307 map units at the left-hand or 3'-ends of either region. To overcome this problem we used a series of plasmids derived from pHSV106 which contained defined deletions extending inwards from either the 3' or 5' BamHI sites (examples shown in Fig. 4) . The construction of these deletions by S1 and exolII nuclease action and addition of HindlII linkers has been described by McKnight & Gavis (1980) . The number of colonies obtained in transfection experiments with uncleaved deletion plasmid DNAs are shown in Table 3 . Two plasmids deleted by 1940 bp and 1600 bp from the 3'-end and four plasmids deleted by greater than 670 bp from the 5'-end were inactive in the assay, whereas those with deletions extending 210 bp, 570 bp, 770 bp, 1130 bp and 1320 bp from the 3'-side or 200 bp from the 5'-side retained the ability to biochemically transform Ltk-cells at high efficiency. These results place the left-hand boundary for HSV-1 within a 280 bp region between 0.3025 and 0-3045 (Fig. 4) . Note that those pHSV106 deletion plasmids that were still active in the HAT selection assays also directed the synthesis of essentially normal amounts of viral thymidine kinase enzyme after injection into Xenopus oocytes, whereas those that were inactive in our assays were also markedly deficient in enzyme synthesis in the oocytes (McKnight & Gavis, 1980 pdl 5' 3.5 kb. Subsequent to the experiments described above, we have discovered a single StuI site mapping at 0.3035 in the HSV-2 TK plasmids. Complete cleavage of pGR18 DNA (a deletion variant of pGR1; Hayward et al., 1981) with this enzyme did not eliminate transfer but reduced the number of TK + colonies appearing in transfected Ltk-cells by approx• eightfold (from 800//tg down to 100//~g). In contrast, digestion with SmaI, which cleaves at 0.307, completely abolished TK transfer with pGR18 DNA. In the same experiment, a limit SmaI digest ofpHSV106 DNA reduced the efficiency of biochemical transforming activity at least 50-fold, in accordance with sequencing data indicating that the SmaI site at 0.304 lies inside the poly(A) termination signals for the HSV-1 TK gene.
HSV-2(333) TK gene
We conclude from the results with the deletion mutants and with the StuI and SmaI enzymes that the minimal sequences necessary for efficient TK transfer occupy less than 1600 to 1650 bp in both HSV-I and HSV-2 (Fig. 4) . 
Deletion of internal sequences also eliminates TK transfer
As an additional confirmation that a single contiguous stretch of sequences was involved, we selected for spontaneously occurring deletion mutants in a combined biochemical/bacterial transfection assay. A preparation of supercoiled pHSV106 plasmid DNA was cleaved to the linear form with the single-cut enzyme KpnI, and then transfected into the recA-bacterial host E. coli HB101. Ardpicillin-resistant, tetracycline-sensitive colonies were picked and screened for the presence or absence of KpnI sites in their plasmid DNA molecules. This procedure was expected to enrich for KpnI-resistant molecules with preexisting deletions, by virtue of the low efficiency of bacterial transformation with linear DNA compared to circular forms, especially in the absence of reeA functions. Fig. 5 illustrates that one of the mutants obtained (pGR30) lacks both the KpnI site at 0.3075 (lanes 2 and 4) and also the SaeI site at 0.308 (lanes 5 and 6) relative to an undeleted control plasmid recovered from the same experiment (pGR31). The size of the deletion in pGR30 was estimated to be approx. 120 bp, from the difference in mobility between the parent and deletion fragments in either the BamHI digests (lanes 1 and 3) or the BglII plus BstEII digests (lanes 7 and 8). The DNA sequence of pHSV106 in this region shows that the SacI and KpnI sites are 80 bp apart (McKnight, 1980) . As expected, this internal deletion plasmid proved incapable of rescuing Ltk-cells in biochemical transfection experiments (Table 3) .
Comparison of the TK regions of HSV-1 and HS V-2
Additional fine mapping of the pGR18 plasmid (G. Reyes, D. Ciufo & G. Hayward, unpublished results) together with the sequencing data for pHSV106 (McKnight, 1980) provide an interesting comparison of homologous DNA regions from HSV-1 and HSV-2, which has not been possible previously for any HSV genes. In Fig. 6 we indicate the maximum and minimum limits of the DNA sequences required for biochemical transformation in both HSV-1 and HSV-2 as deduced from the experiments described above and (pGR30) The correspondence between EcoRI and Pstl sites was used to make the alignment shown. The maximum extent of sequences necessary for biochemical transformation is indicated by the hatched bars and the absolute minimum extent derived from current data is shown by solid bars. Apparently conserved cleavage site pairs are flagged with closed squares and linked by broken lines. The location of the HSV-I(MP) TK mRNA is shown by the solid arrow (McKnight, 1980) . The size scale is given in kilobase pairs upstream or downstream from the initial nucleotide at the 5'-end of the HSV-1 TK mRNA. Measured distances between individual sites come from direct sequence data for HSV-1 (between positions + 1600 and -2 0 0 bp) and from partial cleavage of end-labelled DNA for HSV-2. The total region illustrated represents 2 % of the HSV genome.
G. R. REYES, K.-T. JEANG AND G. S. HAYWARD drawn relative to the precisely defined 5'-and 3'-ends of the 1310 bp TK mRNA synthesized in HSV-l(MP)-infected cells (Hayward et aL, 1981; McKnight et aL, 1981) . We have aligned the HSV-2 TK gene with the HSV-1 TK map by virtue of eight apparently conserved cleavage sites (linked by broken lines in Fig. 6 ). In particular, the EcoRI site within the 'CAAT' box of the HSV-1 TK promoter (McKnight, 1980) was used as an initial reference point and aligned precisely with the EcoRI site in HSV-2 which occupies an equivalent position. Evidence in support of this arrangement (aside from the biochemical transformation data) comes from the striking equivalence in the positions of all three PstI sites in both TK regions. Note also the retention in HSV-2 of all four sites from the extreme 5'-end and flanking sequences of HSV-1 and the possible addition of extra sequences beyond the 3'-end in HSV-2.
Nucleotide sequence of the HS 11-2 TK promoter region
In other experiments we have observed that the TK gene regions of HSV-1 and HSV-2 (and other viruses in this group) exhibit much weaker cross-hybridization than do sequences near 0.4 map units in the vicinity of the major DNA-binding protein and DNA polymerase genes (G. S. Hayward, unpublished observations). However, the hybridization near the presumed 5'-flanking regions of the two HSV TK genes was considerably stronger than that in the presumed coding regions of these genes. To examine the extent of homology within the two TK promoters and also to test the prediction from our transfection experiments that the HSV-2 TK promoter resides near the EcoRI site we have sequenced a 175 bp region from pGR18 by the Maxam & Gilbert (1977) procedure. The overall 90 % sequence homology demonstrated in the promoter regions contrasts with an estimate of less than 75 % homology at the nucleotide level in the coding portion of the two TK genes. This latter estimate is an extrapolation from a sampling of approx. 10% of the sequence that is represented in restriction enzyme cleavage sites in one or other genome. A comparison of potentially conserved cleavage sites (seven) versus non-conserved cleavage sites (29) between positions + 110 and + 1440 shows that at least 29 of the 132 bp involved differ in HSV-2 relative to HSV-1.
The position of the inactivating ClaI site in HSV-2 TK, 60 bp to the right of the EcoRI site (compared to our 30 bp estimate from mapping experiments), indicates that at least 142 bp of 5'-flanking sequences are needed for efficient biochemical transformation. Bacchetti & Graham (1977) , and Minson et al. (1978) originally showed that sheared total HSV DNA can be used to transfer the HSV TK activity to Ltk-mouse cells in culture and Wigler et al. (1977) localized this activity to within a single isolated 3-5 kb fragment from HSV-I(F) DNA. Colbere-Garapin et al. (1979) , Enquist et al. (1979) and Wilkie et al. (1979) have all subsequently demonstrated that this 3.5 kb BamHI fragment is also capable of transferring TK activity after cloning in the plasmid pBR322. These authors further defined the location of the TK gene to the right-hand side of the BamHI fragment (Wilkie et al., 1979) and within a 2.0 kb PvuII fragment (Colbere-Garapin et al., 1979) . Our studies have extended and refined the minimally active biochemical transforming fragment to within a 1600 bp sequence mapping between coordinates 0.303 and 0.313 in the HSV-I(MP) g-enome. The 3'-border of this region lies between 300 bp and 550 bp inside the left-hand PvuII site and the 5'-border lies within 120 bp of the right-hand PvuII site. The introduction of a small deletion at the KpnI site of pHSVI06 DNA near the centre of this region (0.3075 to 0.308) completely eliminated colony formation. Therefore, this contiguous 1600 bp segment of molecularly cloned HSV-I(MP) DNA is both necessary and sufficient to convert Ltk-cells to a stable Ltk + phenotype at normal efficiencies (i.e. 100 to 250 colonies/106 cells/1 #g of
DISCUSSION
DNA).
Recent data on the primary nucleotide sequence of part of pHSV106 DNA and the identification of the 5'-and 3'-ends of TK mRNA (Smiley et al., 1980; McKnight, 1980; Hayward et al., 1981; Preston & McGeoch, 1981) show that the major polypeptide of 376 amino acids is synthesized from a single open reading frame on an unspliced mRNA molecule of 1310 nucleotides in length [omitting the contribution from the poly(A) tail]. The EcoRI site at 0.3125 in HSV-l(MP) is 80 nucleotides upstream from 5'-start of the TK mRNA, but nevertheless reduces the efficiency of transfer of TK activity to Ltk-cells by at least 50-fold, whereas the PvuII site 200 base pairs upstream does not inactivate biochemical transformation. Considering that the major TK mRNA transcript synthesized in one of the G. R. REYES, K.-T. JEANG AND G. S. HAYWARD cell lines (LHIBI) established in this work also initiates at this same 5'-site in the integrated virus DNA, we and others have concluded that the promoter utilized for TK mRNA synthesis lies directly adjacent to the 5'-end of the coding sequences without any long leader sequences Hayward et al., 1981) .
Our initial conclusion that the HSV-2(333) TK gene also lies near map coordinates 0.3 in the overlap between the HindIII-H and BgIII-G fragments (Reyes et al., 1979) has been supported by the revised location reported by McDougall et al. (1980) . Those authors cloned the appropriate 4 kb HindIII-BgIII fragment in pBR322 and showed that it was active in biochemical transformation. We have confirmed these results for several additional isolated virus DNA fragments and particularly with the cloned SalI-G fragment. Cleavage studies with this plasmid have reduced the active region to a maximum of 1.65 kb between the StuI site at 0.3035 and the BgIII site at 0.315. Therefore, from both transfection experiments and sequencing data we conclude the HSV-1 and HSV-2 TK genes occupy precisely identical positions in both virus genomes. Co-linearity of the two genes is also consistent with genetic studies using intertypic recombinants and hybridization evidence from lines established with u.v.-irradiated virus and sheared DNA (Halliburton et aL, 1980; Leiden et al., 1980; Minson et aL, 1979) . The HSV-2(333) TK-transforming activity differs from the HSV-I(MP) by not being eliminated after BglII cleavage; however, the reverse is true for the BamHI enzyme and both are rendered inactive after EcoRI cleavage. These EeoRI sites lie within the 'CAAT' box portion of the HSV-1 (MP), HSV-1 (el I01) and HSV-1 (17) TK promoters (McKnight, 1980; Wagner et al., 1981) and also in the HSV-2(333) TK promoter identified here (Fig. 7) . In fact, the nucleotide sequence of most of the TK promoter region has remained remarkably constant in the two viruses despite the evolutionary divergence of the two structural genes to an extent such that heterologous hybrids form at only 10 % of the efficiency with which the homologous hybridization occurs (G. S. Hayward, unpublished observations). In our hands, the HSV-2 TK genes, either as isolated virus DNA fragments or cloned plasmid DNA, frequently gave three-to fivefold higher transforming efficiencies than did the HSV-1 TK gene when assayed at the same time. For example, the pGR18 plasmid (a deletion derivative of pGR1) consistently yields 600 to 800 colonies/106 cells/1 #g DNA.
We disagree with the implications from the work of Colbere-Garapin et al. (1979) and more recently Kit et al. (1980) that the Sinai site at 0.3045, and especially the 1.2 kb SmaI-EeoRI fragment, define the boundaries of the active HSV-1 TK gene. In our hands, when care was taken to ensure complete digestion, each of these enzymes reduced HSV-1 TK transfer at least 50-fold and in HSV-2 the EcoRI enzyme reduced the efficiency several thousand-fold. From the DNA sequence information it is clear that SmaI cuts inside the poly(A) and UGA termination signals of the TK gene as discussed above and that the EcoRI site lies in the centre of the TK promoter region (McKnight, 1980 : Wagner et al., 1981 . Therefore, any colonies formed with such fragments would occur at very low transformation efficiencies, and their TK genes would not be under normal viral transcriptional controls, as indicated by the presence of aberrant fusion polypeptides (Kit et al., 1980) . On the other hand the StuI site at 0.3035 in HSV-2 appears to lie outside the 3'-flanking regulatory sequences but is sufficiently close to essential components of the TK transcription unit that cleavage here and subsequent integration events reduce the number of TK + colonies formed by approx. eightfold.
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